INTRODUCTION
Many freeways in California have storm water pumping plants located near a bridge structure to de-water depressed sections of the freeway. The Ravenswood Slough Pumping Plant is located near the Dumbarton Bridge, which links southern Alameda County on the east to San Mateo County on the west (an 8,600 foot long structure, which carries over 50,000 vehicles daily). This pumping plant is the largest statemaintained pumping facility and drains all storm water into the San Francisco Bay for the City of Menlo Park.
BACKGROUND
The pumping facility was designed in 1979 as part of a Right of Way agreement for the Dumbarton Bridge project. Construction of the pump plant was completed in 1982. There are three 54-inch diameter mixed-flow vertical turbine pumps rated at 500 horsepower with 70,000 gallons per minute discharge at 18.5 feet of head. Each pump is powered by a 700-horsepower diesel engine.
The Caltrans Office of Structures Design Mechanical Section is responsible for the design, construction inspection, and maintenance inspection of California's pump plants. Licensed mechanical engineers perform yearly maintenance inspections at all of the 265 pumping facilities located throughout the State.
In August 1983, after less than 100 hours of operation (approximately one year), Pump No. 1 seized and was inoperable. Cal trans contacted the contractor who built and installed the pumps to repair Pump No.1, but while repairs were being made, Pump No. 2 seized and was inoperable. As directed by Caltrans, the contractor dismantled Pumps No. 1 and 2, and after closer inspection, it was discovered that the bearings and shaft couplings were too close to each other, and the failure occurred when the bearings moved and jammed against the shaft coupling. The contractor alleged that the pumps *Reprinted with permission from Materials Evaluation (September 1992).
Review of Progress in Quantitative Nondestructive Evaluation, Vol. 12
Edited by D.O. Thompson and D.E. Chimenti, Plenum Press, New York, 1993 failed because they were damaged by debris in the water and did not want to pay for the pump repair. Caltrans took issue with this and since the pumps-were under warranty, the contractor should pay for the repairs. The case was then put into litigation, repairs were completed, and in early 1984, Pumps No. 1 and 2 were put back into service by the contractor. In 1986 both pumps failed again with similar symptoms as the 1983 failure. Throughout this entire time, Pump No.3 was in good working condition. A new contractor was chosen to repair the pumps one and two, and as part of his contract, recommended modifications to pumps one and two. The distance from the bearing, which supports the shaft to the shaft coupling, was increased. In late 1986, Pumps No. 1 and 2 were put back into service, and have been ever since.
With the case concerning the payment to the original contractor in litigation, Caltrans decided to determine if Pumps No. 1 and 2 were different from Pump No.3, or if Pump No.3 was also pending failure due to the location of the bearing and shaft coupling. Unfortunately, Caltrans lawyers wanted this information without damaging or dismantling Pump No.3. Several forms of NDE were examined and the use of a portable linear accelerator was chosen to take x-ray photographs of the bearings.
TEST RESULTS
Cal trans had used a portable linear accelerator to examine bridge components such as suspender rope -cable sockets on suspension bridges and concrete columns damaged during the Lorna Prieta earthquake, and with this successful record of the accelerator, High Energy Services Corporation of Palo Alto, California was contracted by Caltrans Legal Division to examine pump three.
The system used was a 6.0 MeV S-band accelerator. A modulator/power unit interfaces the system with AC line power and distributes AC power to the other assemblies. The energy is provided by a 15 kilowatt generator but because of the high powers needed, the modulator is used to provide the energy to a magnetron (RF head) in pulse form. The magnetron produces the radio-frequency microwaves (RF) needed to accelerate the electrons through the waveguide system of the accelerator unit. The water-circulating unit passes water through the magnetron to cool the accelerator, then travels back to the magnetron. The accelerated electrons attain a velocity of 99.4% the speed of light before colliding with a target wafer of tungsten at the end of the accelerator guide. The collision with the tungsten releases a photon shower in the typical Bremstrahllung spectrum of energy, resulting in an x-ray beam up to 9.0 MeV.
Before the system was to be used, a full scale mock-up of the drainage pump was built and then tested at HESCO's test site. Paul Hartbower of Caltrans was instrumental in the building and testing of the mock-up and also the field testing of the pump. The intent of the mock-up was to discover if the S-band system could determine if a known distance between the bearing and shaft coupler could be measured by radiography. The mock-up consisted of a four-inch shaft placed in a six-inch schedule 40 tube. The shaft in the tube was placed between two half-inch plates placed five feet apart. The couplers on the shaft were placed one inch apart and radiographs were taken with a 6.0 MeV system with exposures of approximately 60 seconds. The radiographs clearly showed the one-inch dimension and Pump No.3 was ready for testing.
On Monday, May 13, 1991, HESCO arrived at the pump house at 8:00 a.m., and with the assistance of Cal trans maintenance crews, set up the x-ray equipment in the pump sump containing Pump No.3. The first setup was approximately ten feet below the shaft coupling located just under the gear reduction unit in the pump room. The second setup was ten feet below the first. Clear images of the shaft coupling, bearing, and even shaft threads were obtained for both areas of interest. The exposures were under two minutes with a source to film distance of approximately eight feet. The radiation levels were well within the Cal OSHA limits of two MR/hour, and disruption of the nearby freeway traffic was not needed.
CONCLUSIONS
The radiographs showed that the bearing and shaft coupling on pump three were close enough that in time a failure would occur. From this information, Pump No.3 was dismantled and modified similar to Pumps No.1 and 2. In an out-of-court settlement, the original contractor agreed to pay Cal trans $500,000 for the repair and related costs to all three pumps. The cost of the testing done by HESCO at their site with the mock-up and at the pump plant was $9,700. This is just one of the recent projects in which Cal trans has used high energy x-ray technology for maintenance inspection and once again, high energy x-ray systems have proved themselves to be a safe and economical method of NDE in the transportation industry.
